We derive a general formula for the fine structure constant in Ddimensional space in the International System of Units. Our formula for the fine structure constant in D-dimensional space will be useful for future studies in theories with higher spatial dimensions and in time variation of the fine structure constant as well.
Introduction
In the Insternational System of Units, the fine structure constant is defined α = e 2 4πǫ 0h c ,
and in the Heaviside-Lorentz System
It is argued in [1] that in D-dimensional space the dimensionless constant of Nature is proportional to
From Eq. (3) for D = 3 we obtain
The dimensionless quantity e 2 /(hc) first emphasized by Sommerfield [2] . In this paper, we are looking to obtain a general formula for the fine structure constant in D-dimensional space where D is an integer number.
To obtain a general formula for the fine structure constant in D-dimensional space we use five physical constants which are the electric charge e, the permittivity constant of the vacuum in D-dimensional space ǫ D,0 , the reduced Planck constanth = h/(2π), the speed of light c and the Newton's gravitational constant in D-dimensional space G D .
The plan of this article is as follows. In section 2, we derive a general formula for the fine structure constant in the International System of Units. We discuss our results and conclude in section 3.
Calculation of Fine Structure Constant in D-dimensional Space
In this section we derive a general formula for the fine structure constant in Ddimensional space in the International System of Units. In doing so, we need to use the Newton's gravitational constant in D-dimensional space. Let us first derive the exact relationship between Newton's gravitational constants
Using the force laws in D and 3-dimensional space, which are defined by
and the D-dimensional space Gauss' law, one can derive the exact relationship between the gravitational constants G D and G 3 (see Ref. [3] for more detailed explanation)
where
is the surface area of the unit sphere in D spatial dimensions and V (D−3) is the volume of (D − 3) extra spatial dimensions. To obtain a general formula for the fine structure constant in D-dimensional constant we propose that in D-dimensional space the fine structure constant can be written as
where ǫ D,0 is the permittivity constant of the vacuum in D-dimensional space and its unit can be obtained by the electric force law in D-dimensional space
From Eq. (10) we obtain the unit of ǫ D,0 to be equal to
In a world with D dimensions the units ofh, c and e remain ML 2 T −1 , LT
and Q in Mass (M), length (L), time (T ) and electric charge (Q). Using Eq. (7) one can obtain the unit of the Newton's gravitational constant in
Thus in D-dimensional space the dimensionless constant of Nature, i.e. the fine structure constant has the unit of
Since the fine structure constant in D-dimensional space is a dimensionless quantity, the sum of powers of mass (M), length (L), time (T ), electric charge (Q) must be vanishes. Therefore we have
We know that in 3-dimensional space we have α = e 2 /(4πǫ 0h c). So for D = 3 we have the following conditions 
Thus in D-dimensional space the fine structure constant is equal to
This equation is a general formula for the fine structure constant in Ddimensional space. For D = 3, Eq. (26) leads us to α = e
